This work reports the in vitro expression of Citrus leprosis virus C (CiLV-C) putative coat protein (p29) and the production of a polyclonal antibody to be used as a tool for serological diagnosis of citrus leprosis. The ORF2/RNA1, corresponding to p29, was cloned in pET28a and transformed into Escherichia coli cells (BL21). Expression of p29 was induced in vitro and the protein was purified and used for immunization of rabbits to produce the polyclonal antibody. The anti p29 serum was shown to be highly specific to CiLV-C detection by immunological methods (Western blot, PTA-ELISA, tissue blot and in situ immunolocalization), without cross reaction with healthy citrus plants or other cytoplasmic and nuclear viruses transmitted by Brevipalpus mites. These results demonstrate that the antibody against CiLV-C p29 protein is highly specific for CiLV-C detection. In situ immunogold labeling assays on thin sections of sweet orange leaf cells infected by CiLV-C demonstrated that short, bacilliform particles present within cisternae of the endoplasmic reticulum were specifically labeled, confirming their viral nature. The dense cytoplasmic viroplasm was also heavily labeled indicating that it represents a site of p29 accumulation.
INTRODUCTION
Brazil is the largest producer of sweet orange [Citrus sinensis (L.) Osbeck] in the world, with exports of concentrated juice representing 80% of the world market (Boteon & Neves, 2005) . An adequate management supported by research has kept under control successive phytosanitary problems such as gummosis, tristeza, leprosis, decline, citrus variegated chlorosis, canker, sudden death, leaf miner, and, recently, huanglongbing (Mattos et al., 2005 , Fundecitrus, 2011 . Among these problems, citrus leprosis has been considered the main citrus viral pathogen in Brazil for the last several years (Müller et al., 2005; Bastianel et al., 2010) . Its importance has significantly increased in other countries as well, since it is now present in most South and Central American countries, and has reached Mexico (Bastianel et al., 2010; Izquierdo-Castillo et al., 2011) . The disease affects mainly sweet orange varieties and is characterized by the presence of local lesions on fruits, leaves and twigs, as well as premature leaf and fruit drop. It directly reduces production and lifespan of citrus plants. If left untreated, affected plants undergo severe dieback followed by their death Bastianel et al., 2010) . The causal agent of leprosis is Citrus leprosis virus C (CiLV-C), which is transmitted by the false spider mite Brevipalpus phoenicis (Geijskes) (Acari:Tenuipalpidae). Every year, control of the mite vector costs Brazilian growers around US$ 100 million on acaricides .
In 2003, part of the genome of CiLV-C was sequenced generating the first molecular tool for its detection (Locali et al., 2003) . Based on this work, the complete genome of CiLV-C was obtained and revealed to be composed by two ssRNA molecules of positive sense, with RNA1 of 8,745 nucleotides (nt) and RNA2 of 4,986 nt (Locali-Fabris et al., 2006; Pascon et al., 2006) . Recently, CiLV-C was classified as the type member of a new genus of plant viruses, Cilevirus, due to the differences of its genome organization from other known viruses (Locali-Fabris et al., 2006; 2012) .
Although molecular tools for CiLV-C detection are well established and efficient, antibodies against viral proteins are desirable because they lead to less costly diagnostic procedures and can be used for in situ detection of antigens. Because CiLV-C virions have been elusive to purify probably due to their labile nature, a strategy would be to express viral proteins in vitro and produce antibodies, Polyclonal antibodies to the putative coat protein of Citrus leprosis virus C... either mono-or polyclonal, after their purification. An attempt to express the MP (ORF 3, RNA 2) of CiLV-C and produce antibody was successful, but possibly due to the distinct folding pattern of the expressed protein, this antibody reacted poorly with native MP and was not suitable for immunoassays (Calegario et al., 2012) . Another approach was then attempted, expressing the p29 protein, a structural putative coat protein of the virion (ORF 2, RNA 1). This route was successful and this paper reports details of the in vitro expression of CiLV-C p29 protein, the production of a polyclonal antibody against it, and its use in immunoassays to detect CiLV-C in vitro or in situ.
MATERIAL AND METHODS

Plant material
Lesions on sweet orange leaves caused by CiLV-C, either from field plants or those experimentally infected with viruliferous mites, were used as inoculum source. These samples were collected in unsprayed experimental fields from Cordeirópolis, Piracicaba and Mogi-Mirim, state of São Paulo, Brazil, where leprosis was endemic. Those used in immunogold labeling assays came from Mexico, Paraguay, Venezuela and Argentina, as well as from different parts of Brazil (Table 1) .
Nucleic acid extraction and RT-PCR
Total RNA was extracted from samples of CiLV-C-infected 'Pera' sweet orange leaf lesions collected at Cordeirópolis, SP, and used for cDNA synthesis as described previously by Locali et al. (2003) . The gene corresponding to p29, putative coat protein, was amplified by RT-PCR using specific primers with EcoRI and XhoI restriction sites. The reaction consisted of 3 μL of cDNA, 2.5 μL of 10x buffer, 0.9 μL of 50 mM MgCl 2 , 0.5 μL of 2.5 mM dNTP mix, 0.5 μL of each specific primer (10 μM) , 0.2 μL (1.5 U) of Taq DNA polymerase (Life Technologies) and sterile Milli-Q water to 25 μL final volume. The reaction was performed using a PTC 100 (MJ Research) thermocycler programmed for 30 cycles composed by denaturation at 94ºC for 30 s, annealing at 56ºC for 30 s and extension at 72ºC for 40 s. A final 5 minutes extension at 72ºC was added to the last cycle. The PCR product was visualized in a 1% agarose gel containing 0.5 μg ethidium bromide mL -1 .
CiLV-C p29 gene cloning and in vitro protein expression
The p29 CiLV-C gene was purified and subcloned into pGEM-T vector (Promega). After Escherichia coli DH5α transformation, the positive clones were selected, cleaved with EcoRI and XhoI and cloned into the pET-28a (Novagen) expression vector according to manufacturer's instructions. Recombinant plasmids were used to transform E. coli BL21 cells; positive clones were cultured in LB (Luria-Bertani) broth with kanamycin (50 ng/mL) and the protein expression was induced with 1 mM of IPTG (isopropyl β-D-1-thiogalactopyranoside) for 2 h under 300 rpm agitation at 37 o C. The cells were centrifuged and the pellet was resuspended in 50 mM trisHCl buffer, pH7.5, with 300 mM NaCl. PMSF (protease inhibitor, phenyl 1 methyl 1 sulfonyl fluoride-1mM) and lysosyme (1 mg/mL) were added and incubated for 30 min at 4ºC. The cells were sonicated six times for 15s at 45 potency TABLE 1 . Plant species, infected with CiLV-C, assayed by immunogold labeling using the antibody against CiLV-C p29 at 1:1000 dilution of a USC 1850A sonicator (Unique). After centrifugation at 13,000 rpm for 25 min at 4 o C, the lysed supernatant was collected and the protein expression analyzed by SDS-PAGE. The p29 protein was purified using IMAC column (Immobilized Metal Affinity Chromatography) with Ni-NTA resin and the adsorbed proteins were eluted from column with 200 mM imidazole buffer (50 mM tris-HCl, 300 mM NaCl, 200 mM imidazole, pH 7.5). Each protein fraction collected was analyzed regarding its concentration and purity by SDS-PAGE.
Antibody production
The recombinant p29 protein (150 μg) was homogenized in phosphate-buffered saline (PBS) (10 mM sodium phosphate buffer, 150 mM NaCl, pH 7.2) and emulsified with Freund's complete adjuvant (Sigma Aldrich). The suspension was injected subcutaneously into a New Zealand rabbit. The subcutaneous injection was repeated twice, at weekly interval, with recombinant p29 protein at 200 and 300 μg concentrations, respectively, emulsified with Freund's incomplete adjuvant. A booster intravenous injection of 400 μg of the recombinant protein was given on day 42 and the rabbit was bled on day 50, after the first injection.
PTA-ELISA (Plate Trapped Antigen -Enzyme Linked Immunosorbent Assay)
The PTA-ELISA was carried out as described by Mowat & Dawson (1987) . CiLV-C symptomatic leaf lesions from 'Pera' sweet oranges in different levels of disease development were tested. The samples were collected in a unsprayed experimental field from Centro APTA Citros Sylvio Mvoreira (CCSM), Cordeirópolis, São Paulo, Brazil, and visually separated into three categories: young lesions (YL)-small chlorotic spots, intermediary lesions (IL)-round, pale green spots, ca. 5 mm in diameter, and old lesions (OL), large, up to 10 mm in diameter, pale green usually with gummy rings (Figure 1 ). Extracts of these lesions, prepared in the presence of 0.01 M phosphate buffer, pH 7.0 (1g/L mL), were tested in duplicate in 1:50 dilution (w/v) with the serum against p29 diluted at 1:1000, 1:2000 and 1:5000. Tissues from healthy plants in the same conditions of dilution were used as negative controls. We also evaluated sweet oranges leaves infected by CiLV-C from fields located at Mogi Mirim and Piracicaba, state of São Paulo, and Frutal, state of Minas Gerais, Brazil. These samples were collected by researchers from FUNDECITRUS (Fundo de Defesa da Citricultura) and sent to our laboratory to be tested. One sample of dried leprosis infected leaf of 'Valencia' sweet orange, from Tabasco, Mexico, was also tested. In these cases there was no separation between young, intermediate and old lesions. The leaf extracts were tested at 1:50 dilution (w/v), as described above, with the serum against p29 diluted 1:5000. Negative-positive thresholds were set at two times the mean of healthy control sample absorbance. Additionally to sweet oranges, plants infected by other cytoplasmic type of Brevipalpus-transmitted viruses (BrTV-C) were also tested to verify the possibility of cross-reaction: Solanum violaefolium Schott./Solanum violaefolium ringspot virus (SvRSV), from Piracicaba, SP (Ferreira et al., 2007) , Hibiscus rosa-sinensis L./Hibiscus green spot virus (HibGSV) from Piracicaba, SP (Kitajima et al., 2010) , Ligustrum lucidum W.T. Aiton and Ligustrum sinensis Lour./Ligustrum ringspot virus (LigRSV) from Piracicaba, SP (Vergani, 1942; Kitajima et al., 2010) , Passiflora edulis Sims. f. flavicarpa Deg./Passion fruit green spot virus, from Piracicaba, SP (PFGSV) (Kitajima et al., 1997) ; Schefflera actinophyla (Endl.) Harms./Schefflera ringspot virus (SchefRSV), from Campinas, SP (Kitajima et al., 2010) , Brunfelsia uniflora D. Don./Brunfelsia ringspot virus (BrRSV) from Piracicaba, SP (Kitajima et al., 2010) , Arundina sp./BrTV-cytoplasmic type, from Manaus, AM (Kubo et al., 2009) . The virus infection of these samples was previously confirmed by transmission electron microscopy (TEM) and the evaluated samples were leaf lesions stored at -80ºC, without separation between young, intermediate and old lesions.
Western Blot
CiLV-C symptomatic leaf lesions from 'Pera' sweet oranges at different levels of disease development (YL, IL, OL), as above described, were tested by Western blot. However, in this case, they were ground in 0.5 M tris buffer, pH 6.8 at 1:7 ratio (w/v). The procedure was carried out as described by Calegario et al. (2012) using the CiLV-C p29 antibody diluted at 1:1000 (v/v).
Tissue Blot
The samples used in tissue blot consisted of CiLV-C infected leaves from sweet oranges (cvs. Pera and Bahia) and mandarin (Citrus reticulata Blanco cv. Cravo) from the CCSM, and the respective healthy, uninfected controls. One sample of sweet orange cv. Valencia infected by CiLV-C from Mexico was also tested. Leaves were decontaminated in 70% ethanol, rolled and cut with a sharp razor blade at the region of the local lesion. The sectioned leaf surface was gently pressured against a nitrocellulose membrane (EMD Millipore), which was dried by incubation at room temperature for 20 minutes. Imprinted membranes were processed as described by Garnsey et al. (1993) using the antibody against p29 at 1:1000 dilution. Attempts to detect CiLV-C in individual viruliferous mites, colonizing leprotic lesions on leaves or fruits of 'Pera' sweet orange, were also made. For this purpose, twenty mites were individually squashed on the surface of the membrane and then processed as above described.
In situ immunolocalization
CiLV-C leaf lesions were fixed in a modified Karnovsky solution [2% (w/v) paraformaldehyde, 2.5% (w/v) glutaraldehyde with 0.05 M cacodylate buffer, pH 7.2] for 1-2 h, dehydrated in a graded ethanol series and embedded in LR White resin (Electron Microscopy Sciences) (Table 1 ). Blocks were sectioned in an EM U6 ultramicrotome (Leica Microsystem) equipped with a diamond knife (Diatome) and the sections mounted on 100 mesh nickel grids covered with Formvar (Electron Microscopy Sciences). Sections were pre-incubated in 1% (w/v) of BSA (Sigma Aldrich) diluted in PBS plus 0.375% (w/v) glycine (Sigma Aldrich) for 30 min, and then incubated for 5 h in the p29 antibody at 1:1000 diluted in PBS plus 0.1% (w/v) of BSA. After washing with PBS, sections were treated with protein A (Sigma Aldrich) conjugated to colloidal gold of 15 nm (Sigma Aldrich), diluted 1:50 in PBS with 2% (w/v) of fish skin gelatin (Sigma Aldrich) and polyethylene glycol 20,000 (1.5 mL 1% to 100 mL solution) for 1 h (Maunsbach & Afzelius, 1999; Vandenbosch, 1990) . Gold particles were silver enhanced to increase the size with the R-Gent SE-EM kit (Aurion), following instructions of the manufacturer. Sections were stained with 3% aqueous uranyl acetate and Reynolds lead citrate (10 min each) and examined in an EM 900 transmission electron microscope (Carl Zeiss). As negative controls we used healthy, uninfected 'Pera' sweet orange tissue from Centro Apta Citros Sylvio Moreira, Cordeirópolis, SP, and 'Valencia' sweet orange infected by a different virus, Citrus leprosis virus, nuclear type (CiLV-N) from Monte Alegre, SP. Attempts to immunogold-label presumed viral particles and viroplasma were also made on sections embedded in epoxy Spurr medium (Electron Microscopy Sciences) and formaldehyde/osmium fixed from different origins (Table 1 ), but after treating the sections with 0.56 mM aqueous sodium periodate (Merck) for 15 minutes, to expose antigenic sites (Vandenbosch, 1990) . In these assays, CiLV-C infected leaf samples included not only sweet oranges from different localities, but also from other plant species, naturally (Swinglea glutinosa) or experimentally infected with CiLV-C (H. rosa sinensis, P. vulgaris, S. violaefolium). Additionally, leaf lesions from plants infected by other cytoplasmic type of BrTVs and formaldehyde fixed/LRWhite embedded were also tested with the CiLV-C p29 antibody, as described in the PTA-ELISA topic of this Material and Methods.
RESULTS
Cloning and expression of p29 gene
The p29 protein was successfully cloned in the pET28a vector and the best period for induction of expression was determined as being 2 h at 37 o C by SDS-PAGE. The expressed protein had a molecular mass of 29 kDa, just as estimated by Locali-Fabris et al. (2006) 
Immunological assays
PTA-ELISA
The three types of CiLV-C leaf lesions (YL, IL and OL) presented positive reactions in all tested dilutions of p29 antibody (Table 2 ). Despite the fact that old lesions presented less intense reactions than the younger ones, it did not compromise the efficiency of the serological test, once the absorbance values of these samples were from 6 to 12 times higher than those of the negative controls. In this study, the optimal antibody dilution was determined by the highest value obtained from the correlation between the absorbance of infected and healthy plants. Thus, the antiserum best performance was at 1:5000, where infected plants showed absorbance from 12 to 16 times higher than the negative controls, after 3 hours incubation with the substrate. On 1:2000 and 1:1000 dilutions, the absorbance was from 8 to 11 and 6 to 8 times higher than the negative controls, respectively. No reaction was seen in the extracts from control, healthy sweet oranges leaves. In addition, sweet oranges leaves brought from fields located in Mogi-Mirim and Piracicaba, SP, and in Frutal, MG, were also tested with CiLV-C p29 antibody presenting positive reaction by ELISA (Table 3) . In these cases negative-positive thresholds were set at two times the mean of healthy control sample absorbance. Furthermore, a sample from sweet orange leaf showing typical leprosis symptoms from the state of Tabasco, Mexico, also reacted positively in ELISA (Table 4 ). All the plant species infected with other BrTVs did not present positive reaction by PTA-ELISA (data not shown), confirming that no cross reaction is observed between the produced antiserum and these tested BrTVs.
Western Blot
In Western blot, the antiserum developed against the expressed p29 of CiLV-C showed a positive reaction with the purified 29 KDa protein, and also with the p29 protein present in the three different types of local lesions evaluated (Figure 2 ). Even though IL and OL extracts gave consistently a stronger signal than YL in Western blot assays repeated several times, our results suggest that this is a good method for CiLV-C detection in planta for all of the tested conditions.
Tissue blot
The outline of the leaves infected by CiLV-C imprinted on the nitrocellulose membrane by tissue blot was clearly visible. Leaves of tested sweet orange varieties FIGURE 2. Western blot using the CiLV-C p29 antibody at 1:1000 dilution for the detection of: 1. Pure in vitro expressed p29 protein; 2. Young lesion; 3. Intermediate lesion; 4. Old lesion; 5. Healthy 'Pera' sweet orange -negative control (Cordeirópolis, SP, Brazil).
'Bahia', 'Valencia' and 'Pera' clearly showed positive reactions in the areas corresponding to the local lesions ( Figure 3) . No reaction was observed on imprints of healthy, control leaves.
Immunogold labeling
In all sections of leaf lesions caused by CiLV-C fixed in formaldehyde and embedded in LR White, a consistent labeling of the bacilliform particles and the viroplasm were observed (Figures 4 C, D) . Labeling of the viroplasm was very intense (Figures 4 D) , while less marked labeling was noticed on the bacilliform particles (Figure 4 C) . Background was low, revealing the good specificity of the antibody. No labeling was visualized on healthy, uninfected samples, or on samples infected by CiLV-N and on sections of leaf lesions caused by other BrTVs tested (data not shown). In formaldehyde/osmium fixed and Spurr embedded tissues of CiLV-C infected materials from different origins, a faint, but consistent labeling was noticed on the viroplasm. These samples comprised sweet orange leaves infected with CiLV-C from different origins (Table 1) (Figure 4 E, F) and other plant species naturally or experimentally infected with this virus (data not shown).
DISCUSSION
This study reports the development of the first specific serological tool to detect CiLV-C. The putative coat protein, p29, was successfully expressed in vitro and a highly specific polyclonal antibody was raised in a rabbit. This anti p29 serum is able to recognize the putative capsid protein of CiLV-C present in infected citrus plants and other assay plants experimentally mite-infected with CiLV-C using PTA-ELISA and Western blot assays. CiLV-C could be detected both in young, small chlorotic lesions (YL) as well as in older, larger and somewhat necrotic lesions (OL) indicating that p29 is still present in the latter. Besides CiLV-C-infected samples from Brazil, PTA-ELISA was able to detect this virus in dried leaf samples from Mexico. The quantitative data produced by PTA-ELISA assay indicated that, under similar conditions, lesions from mandarin yielded less intense reaction than those from sweet orange, but the detection was efficient in both citrus species. The lesser amount of viral antigen in mandarin may be related to it being less susceptible to the CiLV-C infection. This antibody is highly specific for CiLV-C, since in PTA-ELISA it did not react with extracts from either control uninfected tissues or other Brevipalpus-transmitted viruses. Thus, PTA-ELISA is, together with RT-PCR (Locali et al., 2003) , an efficient and powerful tool to detect CiLV-C. It can be more cost effective than RT-PCR for the screening of large amount of samples with results in a shorter time.
Another application, a consequence from the availability of the specific antibody against p29, was the tissue blotting. Assays made with tissues from leprotic lesions gave consistent positive results while healthy controls were negative. This is a very simple and economic procedure, and allows testing samples from distant places, without the need of bringing them to the laboratory. Nitrocellulose membranes may be shipped to the local technicians, who can press the tissue with the lesion onto the membrane and then mail them back to the laboratory, where the blot can be processed and evaluated. Also, under favorable conditions it is possible to observe the distribution of the antigen in the tissue (Garnsey et al., 1993) . Attempts to detect CiLV-C in individual mites that were feeding on sweet orange leaf lesions were unsuccessful, probably because the virus titer is extremely low. Even RT-PCR, which is a more sensitive test, requires at least 5-10 mites for consistent positive result (Kubo et al., 2011) .
Transmission electron microscopy has shown that a characteristic feature of tissues from leprotic lesions is the presence of short, bacilliform particles within cisternae of the endoplasmic reticulum and a large, electron dense viroplasm in the cytoplasm (Figure. 4, A, B) (Colariccio et al., 1995; Kitajima et al., 2003; Rodrigues et al., 2003) . The bacilliform particles were considered putative viral particles, while the viroplasm, a possible site of viral material accumulation and/or replication. The availability of the antibody opened the possibility to confirm these hypotheses. Immunogold labeling assays demonstrated the specific nature of the antibody against p29 with very low background and specific labeling on the bacilliform particles and viroplasm. The level of the labeling on the particles was less intense and this is due to the small amount of the antigen exposed by the sections. This labeling unequivocally confirms that these bacilliform particles represent CiLV-C virions. The viroplasm, on the other hand, was intensely labeled, indicating that there is a large accumulation of the p29 protein. It may represent the deposit of the excess of p29 protein expressed by the transcription/ translation of this gene, a situation reminiscent of the dense masses of tospovirus nucleocapsidal proteins (Kitajima et al., 1992) . These results were obtained in samples fixed only by aldehyde and embedded in LRWhite resin, which is more suitable for immunogold labeling studies preserving the properties of the antigens. However, it has been shown that some degree of labeling is possible in tissues post-fixed in osmium and embedded in epoxy resins normally used only for ultrastructural studies, after oxidation to unblock the antigens (Vanderbosch, 1990) . Assays were made on tissues of leaf lesions caused by CiLV-C on sweet orange from different parts of Brazil and from abroad (Mexico, Venezuela and Bolivia), as well as of some other plant TEM of results of the in situ immunolabeling assays using anti-p29 polyclonal antibody in aldehyde-fixed and LRWhite embedded leaf lesion tissues of CiLV-C infected sweet orange; C. A pocket of the endoplasmic reticulum holding a large number of lightly labed virions (v); D. Cytoplasmic viroplasm (*) is intensely gold labeled. Gold particles were silver enhanced. E.F. Two examples of immunolabeling with anti-p29 serum on the viroplasm (*) in aldehyde/osmium-fixed leaf lesion tissues, after treatment with sodium periodate to exposed antigens. Labeling on viroplasm (*) is fainter than those observed in D, but consistent. Leaf lesions from sweet orange from: E. Rio Branco, AC, Brazil; F. Santa Cruz de la Sierra, Bolivia. species either naturally or experimentally infected by CiLV-C. A faint labeling could be observed on the viroplasm but not on bacilliform particles, showing that antigens could be detected to some degree under these conditions. Nevertheless the reaction, though faint, demonstrated that these tissues were infected by CiLV-C isolates, and the results are coherent with RT-PCR data (Bastianel et al., 2010) . The p29 accumulating in the viroplasm might be involved in the morphogenesis of the CiLV-C virions.
Though not yet observed in CiLV-C infected materials, possible budding process in the membranes of the endoplasmic reticulum next to viroplasm has been noticed with some Brevipalpustransmitted viruses of the cytoplasmic type . Thus the morphogenesis process seems to be more akin to what happens with rhabdoviruses (Francki et al., 1985; Redinbaugh & Hogenhout, 2005) than with tospoviruses (Kikkert et al., 1999) , which involves the Golgi body. The excess of p29 expression might also be linked to other functions for this protein.
The CPs of many plant viruses are multifunctional and required throughout infection, in addition to being required for particle assembly (Herranz et al., 2012) . For example, the CP of some viruses is directly or indirectly involved in the accumulation of viral plus-strand RNA (Yi et al., 2009; Herranz et al., 2012) . Many CPs are also required for the virus infection to spread from cell-to-cell (Lee et al., 2011; Herranz et al., 2012; Schoelz et a., 2011) and/or for systemic spread throughout the plant (Kobori et al., 2002; Lee et al., 2011; Herranz et al., 2012) . In addition, the coat proteins may be involved in vector transmission (Liu et al., 2002; Uzest et al., 2007) , determination of the symptom (Lan et al., 2010) , among others.
The present results successfully demonstrated the in vitro expression of CiLV-C p29 protein using a recombinant gene system, and an antiserum that can be efficiently used for immunodiagnosis in PTA-ELISA, Western blot, tissue blot and immunogold labeling. This antiserum is highly sensitive and specific to detect CiLV-C in infected tissue and does not cross-react with normal cell components or other Brevipalpus-transmitted viruses of the same group.
